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FOREWORD
This Research Bulletin is published under the ausp1oes of Regional Project NC-1 , " Improvement of Beef Cattle Through Breeding
Methods," with approval of the Directors of the Agricultural Experiment Stations of the North Central Region and Oklahoma and the
Animal Husbandry Research Division, Agricultural Research Service,
United States Department of Agriculture.
Regional Project NC-1 is cooperative between the Agricultural
Research Service, United States Department of Agriculture, and the
Agricultural Experiment Sta tions of Iilinois, Indiana , Iowa , Kansas,
Michigan, Minnesota, Missouri , Nebraska, North Dakota, Ohio, Oklahoma, South Dakota and 'W isconsin. The primary objective of Regional Project NC-1 is to obtain information that beef cattle breeders
can use to make maximum genetic improvement in traits of economic
value in beef cattle. This project involves the search for n ew facts
that can be used by breeders to improve the inherent productive
efficiency and carcass merit of beef cattle.
This publication is a revision of North Central Regional Publication 120, published by the Nebraska Agricultural Experiment Station (Research Bulletin 196) in July, 1961. It summarizes the more
important resuits from this project during its first 19 years of operation . It is by no means complete and includes only what is considered
to be the "highlights" of findings at this time. A bibliography of all
publications that provided the basis for this summary statement is
included.
This publication is in the nature of a progress report on many
aspects of beef cattle breeding research. Although it is based on considerably more research than the original North Central Regional
Publication 120, it is expected that additional knowledge gai ned by a
continued dynamic research program will serve to sharpen the interpretation of the results and give a clearer perspective to presently
perplexing problems. While the interpretations of the research results
presented seem logical in light of available information, additional
knowledge may lead to changes or modifica tions.
The purpose of this publica tion is to provide Administrators,
Animal Science Research, Teaching and Extension personnel and
others with a brief review of some of the accomplishments of this
project and an evaluation of its present status and plans for the
future.
This Research Bulletin was prepared by Larry V. Cundiff, Investigations Leader, NC- I, a nd Keith E. Gregory, Director, U.S. Meat
Animal Research Center, in collaboration with other members of the
Technical Committee listed under Personnel on Regional Project
NC-1.
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Cows and ca lves in the research herd at the Fort Reno Livestock Research Station,
El Reno, Okla h oma.

Summary of Results from Regional Project NC-1

IM.PROVEMENT OF BEEF CATTLE THROUGH
BREEDING METHODS
Larry V. Cundiff and Keith E. Gregory 1

INTRODUCTION
The major purpose of this project is to obtain information that
beef cattle breeders can use to maximize improvement in all traits of
economic value in beef cattle. The search for new breeding facts that
can be used to genetically improve productive efficiency and desirability of product is the primary concern of this research effort. The
breeding of superior cattle in research herds for use by the industry is
not a primary objective; however, some germ pl asm useful to breeders
may evolve from some of the research projects.
The objectives of this project are to: (1) determine the traits and
their biological components that contribute to net merit in beef cattle ;
(2) assess the relative values of economic traits; (3) develop the most
effective methods and procedures for measuring and eval uating traits
that contribute to net merit;
obtain estimates of heritabilities of
traits that contribute to net merit and of the genetic and phenotypic
correlations among all economically important traits; (5) eva luate the
effects and uses of inbreeding and heterosis; (6) evaluate the importance of different types of genotype-environment interactions; (7) compare different breeding and selection procedures in effectiveness for
making genetic improvement in the traits of economic value; (8) de' LARRY V. CU NDIFF is Associate Professor of Animal Science, Beef Cattl e Research
Branch . Anima l Husbandry Research Division, A RS , USDA, U niversity of Nebraska.
KEITH E. GREGORY is Professor of Animal Science, Director, U.S . Meat Animal Research Center, An imal Husbandry Research Divi sion , ARS , USDA, Clay Center,
Ne braska.

termine the mode of inheritance of defects, iethals and semi-lethals,
and develop methods of controlling them.
NC-1 is a long term research effort. Because of the long generation
interval and the inherently low reproductive rate of beef cattle, results
on many phases of the project come relatively slowly. These include
comparative data on breeding systems and procedures, comparative
selection methods and procedures, and estima tes of direct and correlated response realized in long term selection experiments.
In the evolution of this project continual effort has been devoted
to acquiring and developing facilities, increasing staff and obtaining
cattle to pursue the research effectively. This has been a gradual and
effective process. There are now approximately 9,000 cattle in the
twelve contributing proj ects. With the exception of the U .S. Meat
Animal R esearch Center which is currently being developed, cattle at
most stations are approaching maximum numbers consistent with the
available facilities.
Each contributing project has research in progress that will yield
information on one or more of the objectives of the regional project.
Research in progress will provide information on all objectives, and
increased emphasis is being given to the areas that need additional
attention. R easonable progress is b eing made toward most objectives,
and each station is effectively using its facilities and personnel in a
coordinated effort to attack these objectives.

RESULTS AND DISCUSSION
The major traits that contribute to the efficient production of
highly desirable beef are: (1) reproductive performance or fertility,
(2) mothering or nursing ability, (3) growth rate, (4) efficiency of
growth, (5) longevity and (6) carcass desirability.
The average heritability estimates obtained from NC-1 studies for
some of the economically important traits of beef cattle are presented
in Table 1.

Reproduction Performance or Fertility
With a long time trend toward marketing cattle at younger ages,
a higher proportion of our beef cattle popula tion is composed of brood
cows. Thus, breeding efficiency is a trait of increasing economic importance from an industry-wide standpoint. However, it is a very
complex trait with the percentage calf crop depending upon many
factors or components. The tremendous economic importance of this
trait justifies further research in this area. Genetic improvement in
the other economically importa nt traits is largely dependent on reproductive rate because the proportion of those produced that is
needed for replacement limits the intensity of selection.
4

Table l. Heritability estim ates of some economically important t raits.
H eritabi lity
( p~rcent)

Trait

10
40
30
40

Calving Interval
Birth Weight
Weaning Weight
Cow Maternal Abi li ty
Feedlot Gai n
Pasture Gain
Efficiency of Gain
Final Feedlot Weight
Conformation Score:
Weaning
Slaughter
Carcass Traits:
Ca1·cass Grade
Rib Eye Area
Tenderness
Fat T hickn ess
Retail Product( % )
R etai l Product, lbs.
Cancer Eye Su sceptibi lity

45
30
40
60
25
40
40
70
60

45
30
65
30

R esu lts indicate that the heritability of this trait is quite low
(calving interval, Table 1). This is in agreement with results from
other species and is probably to be expected because natural selection
has operated effectively on reproduction throughout the evolution of
the species. The low heritability means that nonadditive genetic varian ce and environmental variation are largely responsible for the variation observed in reproductive performance. The role of nonadditive
genetic variation is discussed in the section on heterosis.
Some research has been conducted to determine methods of increasing reproductive performance through control of environmental
effects. One study indicated that the conception rate of cows is very
sensitive to level of energy intake in the weeks from ca lving to breeding.
When fed either 9 pounds of TDN (total digestible nutrients) per
head daily or 4.5 pounds of TDN per head daily prior to calving
followed by 16 pounds of TDN per head per clay from calving through
the breeding season, 95 % of the cows were diagnosed pregnant.
Only 77 % were diagnosed pregnant in the group fed 9 pounds of
TDN per head per day prior to calving and 8 pounds of TDN per
head per day following calving.
Only 20 % of the cows fed 4.5 pounds of TDN per day prior to
ca lving and 8 pounds per day following calving, were diagnosed pregnant. Differences among these groups were largely the result of differences in the proportions of cows showing estrus.
Results indicate that level of energy provided to replacement heifers in the weeks just prior to the breeding season strongly affects their
calving performance as two year olds.
5

Too little energy results in delayed sexual maturity, low percent
calf crop, la te calves, small weak calves, poor milk production and
light weaning weights.
Too much energy is uneconomic, increases calving difficulty, depresses milk producing ability a nd shorte ns productive life.
To be bred to calve at two years of age, replacement heifers shou ld
be feel to gain approximately .75 l b. per clay during their first winter,
be provided with ample summer grazing a nd be feel in the second
winter to lose no more than 50 lb. through calving.
It h as been revealed tha t growth rate has a sig nificant effect on age
at puberty in h eifers. In one study age at puberty decreased 8.5 clays
for each .1 pound increase in preweaning average daily gain. In another study when heifers were wintered on a relatively low level of
energy to gain an average of about .5 pound per clay, age at puberty
decreased 18.7 clays for each .1 pound increase in average daily gain
from weani ng to 396 clays, but when wintered to gain about .9 pound
per clay, differences in postweaning growth rate had little effect on
age at puberty (-1 day per .1 lb. average daily gain).

Birth Weight
Numerous studies have shown that birth weight is moderately to
highly heritable (30-50% ). T he resu lts a lso show a positive genetic
correlation between birth weight and postnatal growth rate. However,
direct selectio n for birth weight may be undesirable because of the
possibility of in creasing ca lving difficu lty. Direct selection for traits
of major economic importance shou ld favor selection toward optimum
birth weight. Because of the high positive genetic correlation with
postnatal gain, birth weight may be useful progeny test information
in deciding which sires to use for their second breeding season since
there is no other progeny information available at that time.

Mothering Ability and Weaning Weight
v\Teaning weight is a complex trait since the calf's own genetic
impulse for growth and the dam's nursing ability both influence the
calf's weaning weigh t. Since h alf of the genetic ability of the calf for
growth comes from the clam, this confounding may not be a serious
handicap in evaluating maternal ability i f the genetic correlation b etween nursing ability and preweaning growth rate is low or positive.
Selection for weaning weight then would result in both improved
nursing ability a nd improved prewea ning growth rate.
However, one recent study in the region suggests that the genetic
relationship may be negative. A significant negative phenotypic correlation was observed be tween weaning weight of the clam and her
subsequent production of butterfat during her first 60 days of lacta6

tion. Negative phenotypic correlations were also observed between
weaning weight of the cow and other measures of her subsequent
milk production.
On the other hand , significant positive phenotypic correlations
were observed between the measures of milk production in the clam
and weaning weight of the calf. These results suggest that either a
negative genetic or environmental correlation between weaning weight
of the clam and the maternal environment she provides for her calf
may exist.
Other indirect evidence that either negative genetic or environmental correlations may exist between preweaning growth rate and
maternal ability stems from heritability es timates obtained by different
procedures. Paternal half-sib analysis and regression of offspring on
sire indicate that the heritability of weaning weight is from 25 to 30% .
A heritability estimate of mothering ability as measured by calf weaning weight based on paternal half-sib an alysis was quite high in one
study (40% ).
However, estimates of the heritability of weaning weight based
on regression of offspring on clam have been low (12 to 19 % ). This
suggests that some genetic or environmental components of the clam's
weaning weight are negatively correlated with traits having a positive
influence on the calf's weaning weight. Further research is needed in
this area to determine the genetic a nd environmental relationships
involved.
R esearch results indicate that differences in mothering ability can
be evaluated about as accurately on the basis of] 12-clay calf weight as
on the conventional weaning age of approximately 200 clays. Variation
in weaning weights of creep-fed and noncreep-fecl calves has been
similar in several studies. This can be interpreted to mean th at creep
feeding does not interfere with the evaluation of differences in cows
for mothering ability.
However, creep feeding may increase the accuracy of measurement
of genetic differences between calves for growth. Calves may consume
energy in proportion to their genetic potentia l for growth. Calves out
of poor milking cows may tend to eat more feed than calves with
comparable genetic potential for growth out of better milking cows.
This situation could result in approximately equal variation under the
two r egimes, yet the acc uracy of measureme nt of differences in mothering ability may b e reduced and compensated for by an increase in
accuracy of measurement of differences in the genetic potential for
growth of the calves.
The r esults of a recent study indicates tha t this is the case. Weaning weight and preweaning gain were more significantly affected by
butterfat production of the clam during the first 60 clays of lactation
than b y volume of milk produced during the same period or butterfat
and milk production during the subsequent period from 60 to 240
7

clays. This was attributed to the calf's need for a highly concentrated
source of energy at a time when its consumption is limited.
In this study calves were creep fed from 60 da ys to weaning at 240
clays. The failure of milk production and butterfat production subsequent to 60 clays to exert a significant influence on weaning weight and
preweaning gain, and the fact that a mount of creep feed consumed
had a significa nt effect, suggests that calves do compensate for differences in milk production of their clams b y consuming creep feed in
relation to their genetic impulse for growth. Therefore, differences in
mothering ability from 60 clays to weaning do not have much effect
on weaning weight when calves are creep feel during tha t period.
Another interpreta tion may be that cows which give the greatest
amount of milk during the first 60-90 clays give their calf a b etter start
so that they are big enough to consume enough feed from 90 clays to
weaning to gain well and satisfy their genetic potential for growth.
Research in progress should help to determine the effects of creep feeding on the expression of genetic differences among calves and expression of differences among cows for mothering ability. Also, the effect
of creep feeding on subsequ ent production of calves as cows h as not
been determined. R esearch in progress should yield da ta from which
this early postna tal environmental influence can b e evalua ted.
Differences in weaning weight are 25 to 30% h eritable if nutrition
a nd management conditions are well standardized and adequate adjustments are made for age of calf, age of clam and sex of calf. Development and determination of appropriate measures of preweaning
growth and procedures of adjusting for age of clam and sex have received con siderable attention in R egional Project NC-1.
The procedure of computing 200-clay weaning weight adjusted for
age of calf as birth weight + 200 x (average daily gain from birth to
weaning) is reasonably accu ra te if there is not more tha n a three- to
four-month spread in the age of calves at weaning.
N umerous studies h ave shown that age of clam has a significant
effect on wea ning we ight and should be taken into account in adjusting weaning weights. Several re ports indicate no sig nifica nt interaction
between age of clam and sex of calf.
In one study, interactions of age of clam w ith breed (Angus versu s
Hereford), season of birth, type of management (creep vers us no cree p)
a nd type of pasture (n ative versus improved) were small a nd no t significant. Thus, it appears tha t the same age of clam adjustments are
a ppropriate regardless of sex, breed, season of birth, type of ma nagement a nd type of pasture. One re port indicates th at add itive ad justments are more a ppropri a te th a n multiplica tive in adjusting for age
of dam.
R esults indi cate th at multiplica tive correction s are most appropria te for ad justing weaning weight for the effect of sex. One st ud y h as
indica ted th at a multiplicative adjustment not only equalizes vari8

ances within males a nd females better than additive adjustments but
aiso acco unts for the interaction between sex and type of ma nagemen t
(creep versus no cr eep) .

Growth Rate
Growth r a te is o f primary economic importance to the beef industry
because of its high association with efficien cy of gain and with poun d s
of retail trimmed beef produced. It is a lso important from the standpoint of its rel a tionship to reduc tion in fix ed costs such as veterinar y,
building, labor, inter est, taxes an d othe r expenses tha t are ch arged on
a per unit of time basis
P ostweaning growth r a te is mod era tely to h ighly herita ble (30-60 % ).
W h en postweaning grow th rate has been m ea sured in r ela tivel y long
periods (up to 168 d a ys) a nd with mode r ate-to high-energy rations,
estimates of heritability h ave tended to be h igh. Heritability estimates
for postweaning gains on pasture or in a rela tively short feeding period
with low levels of energy h ave tend ed to be lower. T his may be due
to th e inadequ acy of the lower level o f en ergy intake to permit full
expression of genetic differen ces, or to the increased importance of
r an do m or chan ce e nvironmental var iables und er pasture a nd highroughage r a tion conditions, o r both. When sever al studies are considered , it appears tha t a shorter postweaning feeding period ca n be used
to eva lua te differences in grow th r a te on a hi gh-energy ration but that
a longer period is required when a ration r elatively low i n net energy
is fed.
Fin al weight computed b y adding postweaning ga in during a standard time con sta nt postweaning tes t to weani ng weight adjusted for
age of d am and age of calf is more highl y h eritable, a nd therefore a

Yearling bull from Selection Experiment at the Fort Robinson Beef Cattle Research
Station, Crawford, Nebraska.
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better measure of genetic differences in growth r a te than any of its
components (birth weight, preweaning gain or postweaning gain).
Estimates of genetic correlations among components of final weight
are positi ve but the environmental correlations are negative. This
should cause fina l weight to have a higher h eritability than a n y of
its components because the positive genetic covariances among the
components tend to increase the percentage of variation in final weight
which is acco unted for by differences in breed ing value among individuals, a nd the negative environmenta l covariances a mong the components act to r educe the environmental variation when the compone nts are combined into one trait, final weight.
P aying some attention to weaning weight in addition to that r esulting from attention to final weight m ay be justified to the extent
that it is a better m easure of maternal ability than final weight. However, r ecent experimental results provide indirect evidence that final
weight m ay be as good a measure of maternal ability as weaning
weight. It was observed that the effect of age of dam on postweaning
gain was negli gible. This is a n interesting phenomenon in view of the
n ega ti ve en vironmental correlations that have been observed b etween
pre- and postweaning ga ins and the observations from routine feeding
trials that animals on a poor feed supply in one period may exhibit
compensatory gains, and conversely, a high er than normal level of
feeding tends to be followed b y r educed r esponse to high feed intake
in a subsequent period.
If inherent differences in maternal ability behave in the same m anner as differen ces in m a ternal ability associated with age of dam, then
selection for final weight obtained b y adding postweaning gain to
weaning weight adjusted for age of calf and dam should put almost
as mu ch selection pressure on maternal ability as selection based on
weaning weight alone. Additional research is needed to evaluate ageof-dam effects a nd other maternal effects on postweaning gain, and the
possible compen sa ting biological m echanisms involved.
The u se o f final weight has one other ver y important adva ntage
as a selection trait. The major goal of the beef industry is to produ ce
the m aximum amount of lean meat of acceptable quality at the lowest possible cost. In a recent study, net merit was d efined in these
term s. Ne t merit was computed in four similar ways, one of which was
85¢ plu s or minus I¢ per pound per one-third of a gr ad e deviation
from a verage choice quality gr ade times pounds of retail product
minu s feed cost from wea ning to slaughter. The results indica ted
th a t selecting for final weight alone is 90 % as effective in selecting for
net m erit as selecting for a n index combining prewea ning and postweaning gain with feed consumption and an accurate meas ure of fat
thickness.
Studies of the effects of age of calf on postweaning gains show tha t,
when varia tion in age of individu als is not more tha n 60 to 90 d ays,
10

as would be the case with restricted breeding and calving seasons, age
d ifferences can be ignored.

Efficiency of Gain
Efficiency of gain has usually been studied as a function of the
gain in body weight resulting from the consumption of a given amount
of feed, or its inverse. Variation in composition of gains (fat, lean or
bone) and in maintenance requirements prevent this measure from
being a precise estimate of energy conversion rate.
The most useful criterion for evaluating efficiency of feed use by
beef animals may be the amount of edible product produced for a
given amo unt of energy intake, rather than the fraction of energy in
the feed which was converted to animal tissue.
In most studies, only data on live weight gains have been available to measure efficiency of feed use. At a relatively young age, with
adjustments for differences in weight (maintenance), variation in
composition of ga in may not be of serious consequence. However,
additional research to determine the relative influence of appetite,
maintenance and composition of ga in on feed efficiency is needed.
Several methods of measuring feed efficiency based on live weight
gains have been evaluated. One stud y involved three methods of
measuring feed efficiency: (1) feed consump tion adjusted for differences in gai n a nd weight, (2) gain adjusted for differe nces in feed consumption an d weight, and (3) the ratio of gain to feed consumed
adjusted for weight.

Bull calves on individual self feed er s at the Missouri Station.
II

It was co ncluded that ga in after regression adjustment to equ a l
feed consumption a nd weight was the most accurate m e thod of measuring the cause and effect relationships involved in feed efficien cy
and h ad the highest heritability of the three measures studied (62 % ).
However, further results indicated that about 80 % as much change
in feed efficiency may be expected from selection for postweaning
growth rate as by selection for feed efficiency itself because of the
high genetic correlation between rate and efficiency of gain. However,
th e extra effort and expense of individual feeding required for measurement of feed efficiency may not be justified in most breeding programs.
In another stud y an estima te of feed consumed from wea ning to
1000 pounds li ve weight was used to measure feed efficiency. From an
industry-wide standpoint perhaps this measure of feed efficiency is
more closely related to the real economic trait than any other measure used . It was observed that selecting for an index combining weaning weight and postweaning average daily gain wou ld result in 73 %
as much improvement in net merit as an index which a lso included
individu al feed consumption.
Net merit was defined in terms of the cost of producing a 1000
pound beef animal taking into acco unt weaning weight, postweaning
gain and feed consumed. It was concluded that considerable gen etic
progress cou ld be made in producing beef at a lower cost by selecting
for weaning weight and postweaning gain.
Feed efficiency should be considered beyond growth and fattening
to include the full life cycle of the beef anima l. This is becau se 70 to
80 % of the feed intake by o ur total beef cattle inventory is used to
meet maintenance requirements and about 40 to 50 % of the total feed
intake is used to maintain breeding animals and to produce replacements. A high proportion of the feed intake of the beef cow is used to
meet maintenance requirements.
However, little is known about genetic and environmental inHuences on maintenance requirements. The effect of size of cow on
productive level relative to feed units required for m aintenance and
production is not known. Neither is the genetic correlation between
efficiency of growth at a young age and maintenance requirements at
maturity. Increased research is needed to evaluate genetic and phenotypic relationships among maintenance requirements, maternal abi lity and units of production including composition of growth. Some
research is underway in this area and more is being planned.

Longevity
Longevity is an important trait from the standpoint of total industry efficiency. There is automati c selection for this trai t because the
animals that live longer tend to leave more offspring for possible re12

placeme nts. For mass selection to be effective, reliable indicators of
longevity in young breeding cattle must be developed . Si nce there h as
been ver y little research in thi s area, the feasibility of selection for
longevity through indicators is unknown, nor is the effectiveness of
pedigree selection known.
It is doubtful that deliberate selection through indicators or b y
pedigree in formation would result in appreciable genetic improvement in lo ngevity because of the large number of facto rs, many of
w hich seem to be environmental (accidents, disease, infectio ns) tha t
may reduce length of productive life. Also because of n atural selection,
it is n o t likely tha t much additive genetic varia tion remains. However,
structural soundness, wh ich may effect length of productive life, seems
to be moderately to highly heritable.
One factor that reduces leng th of productive life is cancer eye.
R esearch h as shown that the inciden ce of can cer eye increases with
age a nd th a t the heritability of susceptibility to ca ncer eye is moderate
(30% ). Also, incide nce of lid ca ncers is associa ted with lack of eyelid
pigmen tation a nd the heritability of eyelid pigmentation is q uite high .

Carcass Merit
The American public desires beef with a high percentage of lean
rela tive to outside fat a nd bone a nd that lean must be tender, flavorful and juicy. Thus, carcass merit is a function of carcass composition
a nd quality of the edible portion.
Equations based on carcass measurements h ave been developed
which predict carcass composition quite accurately, accounting for a
high percentage of the variation in either pounds of percent of muscle
or closely trimmed retail cuts from the higher priced cuts. However, if

A whole-body counter being used to
select for muscle mass at the Illinois
Station.

M easuring differences in tenderness
with a Warner-Bratzler Shear at the
Michigan Station.
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mass selection for carcass merit is to be effective, reliable indicators
of carcass traits in live cattle are needed . lt h as been es timated that
under prac tica l conditions, mass selection would be ap proxima tel y
four times more effective in improving carcass traits than selection
b ased on progeny test information if differences cou ld be accuratel y
measured in live cattle. This has stimula ted investiga tion of indica tors
of carcass merit in live animals.
Beef ca ttle breeders h a ve traditionally used subjective evalua tion
of conforma tion to exert selection pressure on carcass m erit . Resear ch
in Regional Project NC-1 has indicated tha t experienced a ppraisers
can subjectively estim a te group means for carcass grad e, cutability
(percent of closely trimmed , boneless, beef from round , loin, rib and
chuck relative to carcass weight) a nd o ther carcass traits with reasonable accuracy provided the graders h a ve knowledge of the feeding a nd
m an agement program to which the cattle h ave bee n subj ected a nd a
knowledge of live weights.
With ca ttle of the sa me sex within a herd that are fairl y uniform
in age and have been feel and managed al ike, as is the case in pract ice,
25 to 30% of the variation in actu al cutability ca n be acco unted for
on the b asis of live estimates of cutab ilit y by experien ced appraisers.
Although th e very poorest cattle can probably be identified, this precision is less than desired for making individual prospective breeding
ca ttle for differences in curability.
Selection for growth r a te will do more to increase pounds of ed ible
m eat at a constant age th an selection for an y other trait. Final weight
accounts for 80 to 88 % of th e variation in pounds of boneless retail
trimmed b eef on a n age co nstant basis. These studies were con d ucted
on a within herd and sex basis where feeding and management conditions were standardized, the conditions under which selection should
occur.
Variation in live weight adjusted for age is many times more important th an variation in dressing percent and composition in determining pounds of edible product. Also, results indi ca te that variation
and the heritability of differences in ca r cass composition within a
herd and breed on a we ight constant b asis is low (10-1 5%). Thus, as
far as pounds of edible meat is concerned, growth r ate is the major
tra it that needs to be measured and selected for.
Results h ave indicated that an accurate live animal meas ure of fat
thickness would increase slightly (5-8 % ) the accuracy of selection for
pounds of retail product, above that from selection for fin al weight
a t a constant age alone.
An extensive study has been conducted to evaluate the use of th e
thermistor probe technique 1 of measuring fat thickness. In several
experiments, correlation coefficients between live and carcass measurements over the /ongissim.us dorsi at the l 2-l 3th rib were moderate to
high (.5-.8) when computed on a within breed and sex b asis. The live14

probe estima te of fat thickness increased the accuracy of predicting
weight of muscle in the carcass 6% over tha t of live weight alone.
Ultrasonic meas urements h ave about the same degree of accurac y
as the thermistor probe in meas uring differences in carcass fat thickn ess. However, res ults of one study indica ted that ultrasonic estima tes
of fat thickness did not contribute to the accuracy of predicting pound s
of retail produ ct above tha t of live weight a lone (R 2 =.89). Other approaches that are being evalu ated for meas uring carcass characteristics
of li ve ca ttle include liquid scintillation counter and biopsy techniques.
Carcass traits h ave been measured a nd ex pressed in m an y ways .
R a tios a nd percents h ave been used frequ en tl y in ex pressing variou s
measures of fat , lea n a nd bone in the carcass. Results of one stud y
indicate that expressing tra its such as pounds of retail product as a
percent of ca rcass weight does not adjust for differences in ca rcass
weight. It m erely changes the sign of the correlation b etwee n the trait
a nd weight and therefor e is not a satisfactory weight adjustment procedure in breeding progr ams. In other words, the u se of perce nt does
not r eAect di ffe ren ces that would h ave bee n observed in two a nimals
h ad th ey been slaughtered at the same weight. R egr ession proced ures
do thi s more adequately a nd should be u sed to ad just for differences
in car cass weight in breeding or produ ction-oriented programs.
Beef ca ttle breeders should be con cerned with selection for the
maximum amo unt of lean m eat of acceptable quality at the lowest
possible cost. In the stud y where n et m erit was defined in these terms,
weight of retail product a t a constant age acco unted for 96 % of the
va ri a tion in net m erit. Thus, it appears that co nsiderabl y more attention shoul d be given to differ en ces in weight of r etail product or edible portion a t a constant age in breeding progr ams th an to differences
in proportion of fat, lea n and bone. The u se of ratios and percents
should probably be limited to the packing a nd retail segment of the
industry wh ere they are useful in establi shing retail valu e of b eef
car casses.
Differences in carcass quality have been found to be moderatelv
to highl y heritable. The h eritability for carcass qu ality grade, which
is determi ned primarily by m arbling, is 40 % . Differen ces in tenderness
appear to be eve n more highly h eritable (60% ). A selection experiment
where h erd bulls are selected on the b asis of tenderness and then used
by artificial insemination is in progress. One of the important r esearch
r esponsibilities is tha t of evalu a ting and providing new tools for improved methods of eva lu ating ca rca ss composition and quality if a p1

The thermistor probe is a n eed le which has th e rmistor beads located within it n ear
its tip whi ch d e tect a nd re lay te mperat ure to a tem p er at ure dial. A hide puncture
is mad e wi th a bleeding n eed le, then th e tl1ermistor n eed le is inserted in the hid e
puncture. Sin ce the tempera ture of mu scle is abo ut three degrees high er t h a n th at
of fat in t h e li ve a nim a l, th e n eed le ca n b e u sed to measure fat thickness.
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precia ble genetic improvement is to be made in car cass m erit. Continued emphasis is being given to these items in NC- 1 investigations.

Inbreeding and Heterosis
P erform a nce in most economically importan t tra its declines with
inbreed ing. Fertility and m othering ability show the greatest decl ine.
Effects of inbreeding on growth a nd carca ss characteristics are less
severe. The use of inbreeding depends largely on the amou n t of h eterosis or h ybrid vigor that ca n be ob tai ned from th e systematic crossing
of in bred lines perhaps through a r otation al sires program .
Prelimin ary res ults from crossing H ereford lines th at are at relatively low levels of inbreed ing ind ica te that h eterosis m ay be a pprecia ble in specific crosses. The performa nce of some of these lines in top
cross evalu ations, when compared to o utbred stocks, indica tes tha t
within line selection has been effective in improving tra its tha t h ave
a n a ppreciable amo unt of add itive ge netic variation.
T h e development of inbred l ines is continuing in o rd er to stud y
problems associated with th eir development, to eva luate heterosis
further, a nd to determine the possibiliti es of u sing heterosis t h ro ugh
the systematic crossing of inbred lines.
Comprehensi ve an alyses ha ve been made o n the d ata from the first
phase of an ex te nsive crossbreeding experiment involving th e Hereford, Angus and Shorthorn breeds. Jn the first phase of the experiment
t he three straig htbreds a nd all reciproca l crosses among t hem were
produced. Heterosis or h ybr id vigor was eva luated by comparing the
crossbreds wit h the average of th e straig htbreds for a ll m ajor economic
traits involved from conception throug h growth and onset of puberty
for h eifers and through growth and slaughter of the steers.

Straightbred and crossbred cows of Angus, Hereford, a nd Sh orthorn breed s with
the ir crossbred calves in the experiment at Fort R obinson to evaluate h e terosis in
fertility and rnothe,·ing ability.
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Angus, Charolais a nd · Hereford heifers in th e h e terosis experiment at Missouri.

The effects of h eterosis were significa nt for most of the traits evaluated . A 3% grea ter calf crop was weaned in the crossbred ca lves than
in the straigh tbred ca lves because of differences in early postnatal
mortality.
The heterosis effect for weaning weight was 24 pound s (5.8%) in
heifers and 16 pounds (3.6 % ) in steers. The h eterosis effect in heifers
o n a low level of feeding was 52 pounds (7 .3 % ) for 55 0-day weight.
This was gr ea ter than that of 29 pounds (3.3 % ) for 452-day weight in
steers o n a growing and fattening ration.
T here are two pl ausibl e expl a na tions for this difference. One is
th at h e terosis is r elated to level of feeding, h aving a grea ter influence
when feed intake is r estricted. Th e second is that heterosis is grea ter
in h eifers tha n in steers in both preweaning and postweaning growth.
A n experime n t h as been initia ted to distinguish b etween these causes.
Heterosis for growth r a te tended to decrease with increasi ng age after
a pproxima tely one year of age in both sexes .
Heterosis effect on age at first heat was 4 1 and 35 cl ays for low
a nd mod erate levels of fe eding, res pectively. A fter ad justing age at
p ubert y for the effects of average prewea ning a nd postweaning gains,
approxima tely one-half to three- fourths of th e h eterosis effect on age
at p u berty remained. Thus, h eterosis affected age at pu berty in depende nt of its effects through average d ail y gai ns.
The adva ntage of the crossbred steers in feed efficie ncy was small.
Crossbred steers produced slightly fatter carcasses wh e n killed a t the
sa me age. However, when adjusted for th e effect of weight there was no
d ifference in ca r cass composition. ln n et merit (val ue of b on eless,
cl osel y trimmed reta il mea t, ad justed for q uality grade, m inus feed
costs from wea ning to s!a ughter based on price levels in 1965) the adva n tage of crossbred steers over stra ig h tb red steers was
per
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Some of the foundation Angus, Brown Swiss, H ereford an d Holstein h e ifers from
the heterosis experiment at Iowa.

carcass and this did not take into account the 3% advantage in calf
crop weaned.
For growth, fee d efficiency and carcass traits, the heterosis effect
was greater in the Herford-Angus and Hereford-Shorthorn combinations than in the Angus-Shorthorn combination, and for age and
weight at puberty, the heterosis effect was greatest for the H erefordShorthorn reciprocal crosses. In evaluating all traits, it can be concluded that heterosis results in earlier maturity.
The first phase of another experiment in which straightbrecls and
reciprocal crosses of the Hereford and Charolais breeds were produced
has recently been completed. Crossbred calves had an advantage of 4 %
over straightbreds for growth. There was no apparent hybrid vigor
in amount of feed needed to produce a unit of gain . There was little
heterosis in car cass traits except that crossbreds tended to be fatter
than the average of the Herefords and Charolais.
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Charolais calves h ad faster growth ra tes a nd prod uced h eavier
carcasses with more edible portion and less fat trim tha n H erefords.
H ereford carcasses h ad high er m arbling scores a nd grades tha n
Charolais. Most of the calving difficulties were en countered with twoyear-old h eifers. H ereford s bred to Charolais bulls were the most
troublesome. As a result, only slightly high er calving percen tages were
o btained from cross-breed m a tings. Only limited calvin g problem s
were experienced following the first calf rega rdless of breed or cross.
The low h eritability of fertility and the moderate heri tability of
mothering ability suggest tha t these are the traits on which heterosis
(non-additive gen etic variance) will h ave its most im por tant effect.
The second phase of these experimen ts designed to evaluate he terosis
in fertility and mo thering abili ty are now in progress. Preliminar y
results from the experiment involving the H ereford , An g us and Shorth orn breeds indica te considerable h e terosis for re production and mo thering ability.
R esults of a preliminary a nalysis o n d a ta obtained in the first five
years in this experiment indicate that a pproximately 7% more calves
(9.1 % h eterosis) h ave been weaned by crossbred clam s (80.2% ) tha n
b y straigh tbred d ams (73.5%) . Crossbred calves ou t of crossbred d ams
h ave o n the average h ad 5% h eavier weaning weights tha n crossbred
calves out of straightbred da m s. When both of these traits are considered, a 15% advantage in favor of crossbred cows h as been realized
for pounds of calf weaned per cow b red . It a ppears that systema tic
crossbreeding progra ms could b e u sed by commercial cattlemen ·which
could increase th eir produ ctio n 15 to 20% per cow bred above tha t of
program s involvin g straigh tbreds.
In additio n to the experime nts described above, exten sive crossbreeding studies involving the H ereford, A ngu s a nd Ch a rolais, the
Angu s a nd Milking Shorthorn and the Ang us, H ereford , H olstein and
Brown Swiss breed s h ave recently been initia ted. Pla n s are being m ad e
to eva lua te diffe rent procedures a n d crossbreeding systems for utilizat io n of h eterosis in commercial beef production programs.
R esearch is n eeded to ch ar acteri ze breeds for their additive a n d
n o n-add itive genetic meri t relative to all traits of econo mic importa n ce in the full life cycle of beef cattle. Increased em phasis is being
given to rese_a rch in thi s area in NC-1 investigations.

Genotype-Environment Interactions
Beef ca ttle provide a means of u tilizing feed resources over a wide
ra nge o f clima tic conditions and in vario us types of production p rograms. T h e ind u stry is ch aracterized by a grea t a mo unt of exch a nge
of breeding stock a mo ng widely var ying climates. Little is k nown about
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Identical twins being used at the ·wisconsin Station to evaluate genotype-environment interaction.

the range in adaptability of the different families, breeds, types, etc.,
to the different climatic conditions and environmental regimes in
which beef cattle are produced.
One recent experiment did pertain to this objective. In Phase I of
the heterosis experiment involving the Charolais and Hereford breeds,
two management systems were evaluated. Half of the calves were creep
feel, fed out and slaughtered at a rela tively young age of about 14
months and the others were wintered on a growing ration, grazed for
60 days, fattened in drylot and slaughtered at about 20 months.
A number of traits measuring rate and efficiency of growth and
carcass composition and qua lity were evaluated. Significant breeding
group x m an agement system interactions were detected only for edible
portion per day of age and marbling score.
Charolais calves produced more edible portion per day of age than
Hereford calves and this difference was greater when they were creepfed than when they were managed b y the deferred system. Hereford
and crossbred calves slaughtered at the younger age h ad higher m arbling scores than those on the deferred system while the opposite was
true with the Charolais calves.
Some experiments under way or being planned will yield further
information on the importance of genotype-environment interactions.
An eva lu ation of the importance of such interactions, and of the importance of selection for adaptabilit y to specific climatic cond ition s
and production programs, is needed in making correct decisions regarding the most effective breeding plans. Increased research is needed
to answer some of these important questions.
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Heritabilities and Genetic Correlations
Estimates of heritabilities and of genetic and phenotypic correlations among economically important traits have been discussed in previous sections. With the exception of fertility, traits of economic importance are moderately to highly heritable (Table 1). The high and
favorable genetic correlations among growth rates in different phases
of the life cycle, between growth rate and pounds of edible product,
and between postweaning growth and efficiency of feed conversion
have been discussed .
Important gene tic antagonisms have not b een detected among most
performance traits. A possible exception to this involves estimates of
the genetic correlation between marbling score (traces=3, slight=4,
. ... , abundant=lO) and cutability (% closely trimmed boneless retail
cuts from round, loin, rib and chuck) reported to be - .8 and - .85 .
However, a more recent estimate of the genetic correla tion between
marbling and weight of edible product with carcass weight held constant by regression was slightly positive. Further inves tiga tions are
n eeded to elu cida te the geneti c relationship between these traits.
Estimates of gen etic correlation among a number of traits and their
biological components tha t contribute to net merit in beef ca ttle are
still needed to develo p the most effective selection procedures.
The more pertinent unanswered qu estions are: What
is the genetic
correla tion between growth rate and maternal ability? What
are the
genetic correlations among growth rate, mature cow size, maintenance
requirements in different phases of the life cycle, and units of production by the cow? What are the genetic correlations among growth
ra te, appetite, feed efficiency ind ependent of appetite, and composition
of gain both on an age constant and on a weight constant basis? Answers to these important questions are being sought in NC-1 investigation s.
Even though herita bilities of most of the economically importa nt
traits seem high enough for selection to be reasonably effective a nd
few important genetic antagonisms exist, the effectiven ess o f m ass
selection for these traits remains to b e demonstrated experimentally.
Selection experiments for specific traits with measurement of correlated response in other traits h ave been initiated in the NC-1 project.
These are controlled experiments so tha t genetic a nd environmen tal
time tren ds can be partitioned. Although these experiments h ave not
yet been und erway lo ng enough to evalu a te the effectiveness of selection, they are designed to provide direct estim ates of heri_tability and
correl a ted response fo r economically i mportant traits, an important
objective of R egional Project NC- 1.
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Breeding and Selection Procedures
A thorough knowledge of measurement procedures for all economically important traits, and reliable estimates of their genetic parameters (heritabil ities, genetic correlations, inbreeding effects, heterosis
effects and genotype-environment interactions), are needed to plan and
conduct effective research programs to evaluate selection and breeding
procedures experimenta ll y. As such knowledge accumulates, increased
emphasis will be placed on evaluation of breeding and selection procedures with samples of actual cattle popu lations and with electronic
computers and simulated popu lations. Such research wi ll provide beef
cattle breeders with information on the most effective breeding practices to make the most rapid genetic improvement in the traits that
contribute to productive efficiency and carcass merit. This information
is essential if beef cattle breeding is to be fu lly exploited in the development of the most efficient agriculture.

Hereditary Defects
A large number of hereditary defects of possible economic importance have been reported in all breeds of beef cattle and also among
dairy breeds. The hereditary defect most fami liar to beef cattle breeders is "snorter" dwarfism, which occurred at troublesome frequency
in some herds in the late 1940's and early 1950's. Concern about
"s norter" dwarfism stimulated research to develop procedures for
identifying of "carriers" of this defect.
Procedures which have been evaluated in NC-1 include radiography, median head profile readings, and differential physiologica l response (blood constituents, etc.) with and without the use of stress
agents. Though these studies have revealed differences in means of
"clea n" a nd "carrier" groups, the overlap h as been too great to warrant their use as a basis for the guarantee of a dwarf-free breeding
herd.
Even though the resea rch to develop a technique approaching l
acc uracy for detection of "carriers" of snorter dwarfism has not been
completely successful, research has established that the inheritance
of this kind of dwarfism is clu e to a simple au tosomal recessive . This
knowledge has enabled scientists to counsel with the industry on effective ways of reducing the frequency of this gene in seeclstock herds .
The "snorter" type of dwarfism has been authentically reported in
the Angus a nd Hereford breeds.
Other types of dwarfism h a ve also been investigated in NC-I. Research indica tes that "long-head" dwarfism is also inh erited as a simple
autosomal recessive distinct from "snorter" dwarfism. This type of
dwarfism h as been identifi ed in the Angus breed. Results suggest that
the "comprest " condition is clue to the action of a pair of genes which
do not show dominance. The three phenotypes and genotypes are:
normal (NN), "comprest"(Nn), and extreme dwarf (nn) . The "com22

prest" condition in Herefords and the "compact" condition in Shorthorns are probably due to the same gene.
A lethal form of h ydrocephalus has been shown to be inherited as
a simple autosomal recessive. This condition has occurred at a frequency high enough in some herds to cause concern and scientists are
counseling with breeders and producers on ways of red ucing the frequency of this gene in individual herds.
One experiment is being conducted to provide informa tion on the
mode of inheritance of "double muscling." Sufficient data are not
available to establish the mode of inheritance for this trait.
A spastic lethal has been identified in a closed line of H ereford
cattle. Results indica te that it is inherited as a simple a u tosomal recessive. The inheritance of a sublethal achrondoplasia, characterized
primarily b y m alocclusion of the incisors resulting from a missha pen
mandible, was also investigated and is probably inherited as a simple
autosomal recessive.

APPLICATION OF RESULTS AND PERSPECTIVE
Approximately 400 scientific a nd technical re ports h ave been published on research conducted in R egio nal Proj ect NC-1. These publica tions contribute greatly to o ur knowledge of procedures for measuring most economically important traits and provide estimates of
their heritabilities and genetic correlations. This knowledge h as made
it possible for beef cattle breed ers to adopt R ecord of Performance
Progra ms aimed at gen etic improvemen t in the traits that contribute
to productive efficien cy and d esirability of product.
Edu ca tion programs to inform b eef cattle produ cers of the methods
of achieving gen eti c improvement h ave been initia ted under the leadership of NC-1 scientists and Extension speciali sts in most sta tes in the
region. Subject matter for these programs comes primaril y from research findings in thi s project. R ecord of P erforman ce Programs ap pl ying the r esults of this research under the guid ance of State Agricultural Exten sio n Services are underway in most of th e states cooperating in NC-1.
Each m ajor beef ca ttle breed associa tion has ini tiated a R ecord
o f Perfor mance Program for its m embershi p. Information provided by
R ecord of Performa nce Programs is mak ing it possible for breeders
to increase th e accuracy of their selectio ns, thus accelerating rate of
gen etic improvement and giving them grea ter control over their operations. Activity in this area continues to show an increase. Increasing
interest by th e commercial segment of the industry in crossbreeding
throu gh out the regio n is largely due to results reported from heterosis
experime nts in R egional Project NC-1.
The entire beef cattle industry has indicated keen interest in the
NC-1 research program. Prompt application of the results evolving
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from this effort is indicative of the need for increased knowledge on
beef cattle breeding. While the results already obtained from this
project have had a marked influence on the breeding programs in
many of our seed stock herds, it must be emphasized that much remains to be clone to provide the basic information necessary to guide
the beef cattle industry in attaining maximum efficiency in producing
the most desirable beef.
A principal accomplishment of NC-I has been to focus attention
on the impact that research on beef cattle breeding can have on reducing production costs and improving the desirability of product
through the application of knowledge that comes only from well organized and properly conducted research.
It is not realistic to expect short-term results of a sensational nature
from research in this area because knowledge necessarily accumulates
slowly but it is evident that this project has a lready made significant
contributions to increased knowledge and that this knowledge has had
a substanti al impact on the beef cattle industry.
Regional Project NC-l aims always at reliable answers to the more
pertinent un answered questions, one question well answered being
considered worth several partially answered. Contributing projects
have been effectively adapted to regional objectives and to the available resources, with sound experimental designs that will yield interpretable results.
Though the accomplishments of the past J 9 years are impressive,
current progress toward answering some of the major fundamental
questions indicates that the most important contributions of Regional
Project NC-J lie ahead.
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